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[57] ABSTRACT 
A MOS semiconductor device and the methods for 
constructing the device. The MOS device provided 
with ?rst and second MOS transistors are formed on 
two identical wafer sections. The impurity region of the 
?rst transistor and a ?rst group of gate side wall spacers 
are aligned to the gate of the ?rst transistor. The impu 
rity region of the second transistor and a second group 
of gate side wall spacers are aligned to the gate of the 
second MOS transistor. The second group of gate side 
wall spacers have a thickness different from that of the 
?rst group of gate side wall spacers. 

3 Claims, 5 Drawing Sheets 
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FIG. 3B 
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CMOS SEMICONDUCTOR DEVICE WITH (LDD) 
NMOS AND SINGLE DRAIN PMOS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a CMOS semicon 

ductor device having a lightly doped drain (LDD) 
NMOS transistor and a single drain type PMOS transis 
tor, and the methods for constructing the same. 

2. Description of Related Art 
The development of a fast MOS device has been 

usually accompanied by its miniaturization. With 
greater packing density of transistors, the ?eld strength 
inside such devices also has increased. This causes sev 
eral problems, such as a decrease in threshold voltage, 
punch-through, and “hot-carrier” effect. These prob 
lems degrade device characteristics. 
Among all of the above problems, the hot carrier 

effect is especially detrimental to MOS device perfor 
mance. The hot carrier effect is caused by an accelera 
tion of a carrier inside a channel due to an intense ?eld 
that is present across the depletion layer near the drain. 
A carrier which has gained suf?cient energy may pene 
trate through the potential barrier between the silicon 
and the gate oxide ?lm, entering the gate oxide ?lm as 
a “hot carrier.” The hot-carrier inside the oxide ?lm 
may then become trapped and change the shape of the 
potential barrier at the interface between the silicon and 
the oxide ?lm, consequently altering the threshold volt 
age and/or the mutual conductance. 
An accelerated carrier inside the channel may gener 

ate new electron/hole pairs via an impact ionization. 
The newly generated carriers, in turn, may produce 
other electron/hole pairs via the same process. Thus, 
the impact ionization may propagate throughout the 
channel and produce an avalanche of hot carriers to be 
injected to the gate oxide ?lm. 

In addition, holes generated by the ionization in 
crease the potential of the substrate by forming cur 
rents. The increase in the substrate potential may cause 
a break-down of parasitic bipolar transistors, and 
change the drain withstanding voltage. 
The hot-carrier effect is more pronounced in NMOS 

transistors than in PMOS transistors, because a channel 
electron in NMOS can cause an impact ionization more 
readily than a channel hole in PMOS. In addition, the 
NMOS channel electron can move more easily into the 
NMOS oxide ?lm than the PMOS channel hole into the 
PMOS oxide ?lm. This is because the potential barrier 
between the silicon and the gate oxide ?lm in NMOS is 
lower than that in PMOS. 

Conventionally, LDD NMOS transistors have been 
used to relieve the hot-carrier effect. In an LDD 
NMOS transistor, lowering the impurity concentration 
near the drain reduces the ?eld intensity and diminishes 
the hot-carrier effect. However, the low impurity con 
centration of the drain region adds a parasitic resistance 
between the drain and the channel. The parasitic resis 
tance decreases the drain current. 

If the impurity concentration near the drain region 
becomes too large, the substrate current also becomes 
large, amplifying the hot carrier effect. On the other 
hand, if the impurity concentration becomes too low, 
the drive current decreases because of a parasitic resis 
tance. Thus, the impurity concentration is usually care 
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2 
fully selected to take account of both the hot carrier 
effect and the parasitic resistance. 
One conventional CMOS design which addresses the 

above problems comprises the LDD NMOS transistors 
and the PMOS transistors of the single-drain type. In 
the design, the gate side wall spacers of NMOS and 
PMOS transistors are usually set to an equal thickness 
to simplify their manufacture. 
n+ source and drain regions of the LDD NMOS 

transistors are generally formed by As ion~implantation, 
because the diffusion rate of As is low and allows the 
formation a thin junction. On the other hand, the p+ 
source and drain regions of PMOS transistors are gener 
ally formed by B ion-implantation. 

Because B diffuses faster than As, the connection 
depth and side spreading of p+ source and drain regions 
are larger than those of n+ regions. Consequently, the 
effective channel length of the PMOS transistor is much 
shorter than that of the NMOS transistor. This implies 
that, if the size of NMOS channels were reduced, then 
the size of PMOS channels would be reduced even 
further. Such undesired reduction in PMOS channel 
size results in the distortion of PMOS structures. Thus, 
it is dif?cult to use the conventional technique to pro 
duce CMOS devices with very small LDD NMOS 
transistors. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
MOS semiconductor device in which the thickness of 
the gate side wall spacer of a ?rst type of MOS transis 
tor is different from that of a second type of MOS tran 
sistor, to allow further reduction of the ?rst type of 
MOS transistor while preventing the distortion of the 
second type of MOS transistor structures. 

It is another object of the present invention to pro 
vide methods which are most suitable for manufactur 
ing such MOS semiconductor device. 

In the present invention, the MOS semiconductor 
device is provided with the ?rst and second type of 
MOS transistors, each on one of two identical wafer 
sections, in which a gate electrode and an impurity 
region of the ?rst type of MOS transistor are aligned to 
a ?rst gate side wall spacer, and in which an impurity 
region of the second type of MOS transistor is aligned 
to a second gate side wall spacer having the thickness 
different from that of the ?rst gate side wall spacer. 
The present invention also provides the methods for 

manufacturing the above MOS semiconductor device. 
One method generally comprises the steps of: 

concurrently forming gate electrodes of MOS transis 
tors; 

forming side wall spacers on the side walls of the 
electrodes; 

forming impurity regions for one type of MOS tran 
sistors; 

forming additional side wall spacers about some of 
the side wall spacers created earlier; and 

forming impurity regions for the other type of MOS 
transistors. 
The other method comprises the general steps of: 
concurrently forming gate electrodes of the MOS 

transistors; 
forming side wall spacers on the side walls of the 

electrodes of one type of MOS transistors; 
forming impurity regions for the MOS transistors 

whose gates have the side wall spacers; 
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forming side wall spacers on the side walls of the gate 
electrodes of the other type of MOS transistors, the side 
wall spacers of the other type of MOS transistors being 
thicker than the side walls formed in the previous steps; 
and 

forming impurity regions for the other type of MOS 
transistors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and advantages of this 
invention will become more apparent and more readily 
appreciated from the following detailed description of 
the presently preferred exemplary embodiment of the 
invention, taken in conjunction with the accompanying 
drawings, of which: 
FIG. 1 is a diagrammatic cross-sectional view of the 

structure of a conventional LDD CMOS semiconduc 
tor device; 
FIG. 2 is a diagrammatic cross-sectional view of the 

structure of an LDD CMOS semiconductor device 
according to the present invention; 
FIGS. 3A-3G show diagrammatic cross-sectional 

views of the LDD CMOS semiconductor device at 
various stages in a manufacturing process according to 
an embodiment of the present invention; and 
FIGS. 4A-4F show diagrammatic cross-sectional 

views of the LDD CMOS semiconductor device at 
various stages in a manufacturing process according to 
another embodiment of the present invention‘. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EXEMPLARY 
EMBODIMENTS OF THE PRESENT 

INVENTION 

FIG. 1 shows a conventional CMOS semiconductor 
device, with p-well 2 and n-well 3 formed within a 
silicon substrate 1. The ?gure also shows an NMOS 
transistor constructed in p-well 2 and a PMOS transis 
tor in n-well 3. 
The NMOS transistor has gate electrode 6 compris 

ing gate oxide ?lm 5 at the center of substrate 1 of an 
active region de?ned by ?eld oxide ?lm 4 of p-well 2 
and n- impurity region 7. An LDD structure includes 
n- impurity region 7 and n+ impurity region 9 both of 
that are self-aligned, respectively, to gate electrode 6 
and side wall spacer 8. 
The PMOS transistor has gate electrode 6 comprising 

gate oxide ?lm 5 at the center of substrate 1 of the active 
region de?ned by ?eld oxide ?lm 4 of n-well 3, and p+ 
impurity region 10 that is self-aligned to side wall spacer 
8 of gate electrode 6. 

It is noted that one of p+ impurity regions 10 is 
formed in the area de?ned by ?eld oxide ?lm 4 of p-well 
2. Also, one of n+ impurity regions 9 is formed near the 
well contact region de?ned by ?eld oxide ?lm 4 of 
n-well 3. 

After gate electrode 6 has been constructed, gate side 
wall spacers 8 of the NMOS and PMOS transistors are 
produced by depositing a thermal oxide ?lm on the 
surface of substrate 1 and anisotropically etching the 
deposited ?lm. This process leaves the thermal oxide 
?lm only on the side walls of gate electrodes 6. In this 
process, the thicknesses of gate side wall spacers 8 of the 
PMOS and LDD NMOS transistors are identical. It is 
noted that gate side wall spacers 8 of an LDD NMOS 
transistor are thinly formed to minimize the length of 
n‘ impurity region 9. 
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4 
After gate side wall spacers 80 have been con 

structed, p+ impurity region 10 of the PMOS transistor 
is formed by implanting a p+ impurity, for example, 
such as BF; ions (40keV at density of 5 X l015/cm2) and 
activating the implanted impurity through a 60-minute 
thermal process at 900i|- . 
When 13+ or BF; ions are used as the p+ impurity, 

because the diffusion rate of B+ is greater than that of 
As (an n+ impurity), the connection depth (4000 A) and 
side spreading (3000 A) of p+ impurity region 10 be 
come larger than the connection depth (1500 A) and 
side spreading of n+ impurity region 9. The expansion 
of p+ impurity region 10 pinches off and shortens its 
channel to a greater extent than that of n+ impurity 
region 10. 
For example, if the thickness of the gate side wall 

spacer 8 were 1000 A, the effective channel length Leff 
of the PMOS transistor would be smaller than the de 
sired length L by approximately 4000 A. Compared to 
the case when the gate side wall spacer is approximately 
2000 A, the effective channel length would be shorter 
by 2000 A. 

It is dif?cult to avoid the above problem, because, if 
the thickness of gate side wall spacers of the PMOS 
transistor were increased to about 2000 A, the thickness 
of gate side wall spacer 8 of the NMOS transistor would 
also become large. Consequently, the length of n- im 
purity region 7 would become longer and allow hot 
carriers to degrade the performance of the NMOS tran 
sistor. 

In summary, conventional CMOS designs and its 
manufacturing process does not permit an easy optimi 
zation of the device characteristics of both PMOS and 
NMOS transistors, because of different diffusion rates 
of n-type and p-type impurities. 
FIG. 2 shows a CMOS device according to the pres 

ent invention. In FIG. 2, the parts and regions corre 
sponding to those in FIG. 1 have been labelled with the 
same numerals. A detailed description of such parts is 
omitted. 
Whereas FIG. 1 illustrates identical gate side wall 

thicknesses for both the PMOS and NMOS transistors, 
FIG. 2 shows the thickness t; of gate side wall spacer 8b 
of the PMOS transistor as being greater than the thick 
ness t1 of gate side wall spacer 8a of the NMOS transis 
tor. That is, in the present invention, gate side wall 
spacer 8a of the NMOS transistor is designed to have a 
thickness different from that of gate side wall spacer 8b 
of the PMOS transistor, to compensate for different 
connection depths and side spreadings of the n-type 
impurity region and the p-type impurity region. 
FIGS. 3A-3G illustrates cross-sectional structural 

diagrams of a semiconductor device at various stages in 
the method for constructing a structure generally in 
accordance with FIG. 2. 
As illustrated in FIG. 3A, the method for producing 

the above-described structure of FIG. 2 begins with the 
formation of p-well 2 and n-well 3, each well having the 
depth of 2 to 7 pm. Each well has a maximum impurity 
concentration of 1X 1016 to 1X 1017 ions/cm3. Both 
wells are formed by the conventional twin-well fabrica~ 
tion process. 

Next, ?eld oxide ?lm 4 is blanketed on substrate 1 via 
the conventional LOCOS process to de?ne the active 
regions of p-aand n-wells 2, 3. Subsequently, thin oxide 
film 5 of 50 A to 200 A is layered on substrate 1 by the 
thermal oxidation method. Next, polycrystalline silicon 
6 doped with impurities is deposited on the surface of 
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the structure resulting from the previous step. Polycrys 
talline silicon 6 and oxide ?lm 5 are then patterned via 
conventional photolithography to produce gate oxide 
?lm 5 and gate electrode 6 in the active regions. 

It is noted that gate electrode 6 may be constructed 
from a refractory-metal polycide. Also, a silicon sub 
strate doped with n-type or p-type impurities may be 
used as an n-well or a p-well. The concentration of the 
impurities may be controlled to set the desired thresh 
old voltage of the transistors either before or after the 
layering of gate oxide ?lm 6. 
FIG. 3B illustrates the structure of the semiconductor 

device after a few of the subsequent steps. First, photo 
resist 11 is coated on substrate 1. Next, opening 12 is 
formed on photoresist 11. The location of opening 12 
corresponds to the active region of p-well 2. n- impu 
rity region 7, which is self-aligned to gate electrode 6, is 
formed near the surface of substrate 1 by ?rst implant 
ing an n-type impurity, such as P or As, through open 
ing 12 into substrate 1 of p-well 2, at density of l X 1013 
to 1X l01"ions/cm2 and at 30 KeV to 60 KeV, and then 
activating the implanted ions. 
FIG. 3C illustrates gate side wall spacer 8a. Gate side 

wall spacer 8a is produced by ?rst removing photoresist 
11, then'layering insulating ?lm (such as CVD oxide 
and high temperature oxide ?lm) uniformly on substrate 
1, and anisotropically etching the ?lm. The ?lm may be 
500 A to 2000 A thick. 

Next, photoresist 13 is coated on the structure result 
ing from the previous step (FIG. 3D). Openings 14 are 
formed in photoresist 13 over the areas which corre 
spond to the active region of p-well 2 and the well 
contact region of n-well 3. Next, n+ impurity region 9 is 
formed near the exposed surface of substrate 1 by im 
planting an n type impurity such As or P through open 
ing 14 at a density of l X 1015 to 1X 1016 ions/cm2 and at 
10 keV to 50 keV, then activating the implanted impu 
rity ions. 
FIG. 315 shows insulating ?lm 15 that is uniformly 

deposited on substrate 1 (approximately 500 A to 2000 
A thick). 

Next, as partially shown in FIG. 3F, photoresist 16 is 
coated on insulating ?lm and openings 17 are formed in 
photoresist 16 over the areas corresponding to the ac 
tive region of n-well 3 and a well contact region of 
p-well 2. Next, second gate side wall spacer 15a is 
formed on ?rst gate side wall spacer 8a of n-well 3 by 
anisotropically etching insulating ?lm 15. p+ impurity 
region 10 is formed near the exposed surface of sub 
strate 1 by implanting a p+ impurity such as B or BF; 
through openings 17 at a density of 1X 1015 to 1X 1016 
ions/cm2 and at 10 keV to 50 keV, then activating the 
implanted impurity. 

Spacer 8a and spacer 15a together form spacer 8b, 
each of which is thicker than each of spacers 8 of the 
NMOS transistor. Spacers 8b and gate 6 between spac 
ers 8b cover larger surface areas than spacers 8a and 
gate 6 between spacers 8a. 
The activation of p+ impurity causes the two p+ 

regions to spread and pinch the channel between the 
regions. However, because the p+ regions are further 
apart (because of spacers 8b), the spreading of the p+ 
regions creates a channel region whose length is ap 
proximately equal of that of the channel between spac 
ers 80, despite the greater diffusion rate of the p+ impu 
rity. Thus, in the present method, the channel length of 
PMOS is not undesirably shortened, as in the conven 
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6 
tional manufacturing method for producing LDD 
NMOS transistors. 
To complete the CMOS fabrication process, photore 

sist 16 is removed, so that an NMOS transistor having 
?rst gate side wall spacer 8a in p-well 2 and a PMOS 
transistor having ?rst and second gate side wall spacers 
8a and 150 as side wall spacers 8b are formed as shown 
in FIG. 3G. 
FIGS. 4A-4F show the structures of the LDD 

CMOS device at various stages in another method for 
manufacturing the CMOS device according to the pres 
ent invention. The parts corresponding to the parts in 
FIGS. 3A-3G have been labelled with the same numer 
als. . 

FIGS. 4A and 4B are identical to FIGS. 3A and 3B 
and the steps related to FIGS. 4A and 4B are omitted. 
As shown in FIG. 4C, after the structure in FIG. 4B 

has been derived, photoresist 11 is removed. Next, insu 
lating ?lm 8 is deposited, and photoresist 13 is coated on 
the surface of ?lm 8. Next opening 14 is formed. First 
gate side wall spacers 8a are constructed only on the 
side walls of gate electrode 6 of p-well 2 by anisotropi 
cally etching insulating ?lm 8 through opening 14. 
After ?rst gate side wall spacers 80 have been formed, 
n+ impurity region 9 is formed by implanting n+ impu 
rity ions through opening 14 and then activating the 
implanted impurity. 

Subsequently, photoresist 13 is removed and second 
insulating ?lm 15 is deposited, as shown in FIG. 4D. 
FIG. 4B illustrates the structure of the CMOS device 

after the application of additional steps. First, photore 
sist 16 is coated on second insulating ?lm 15 and open 
ings 17 are formed on ?lm 15. Next, second gate side 
wall spacer 8b is formed on the side walls of gate elec 
trode 6 of n-well 3 by anisotropically etching second 
insulating ?lm 15 and ?rst insulating ?lm 8 through 
opening 17. It is noted that second gate side wall spacer 
8b is constructed to be thicker than ?rst gate side wall 
spacer 8a. p+ impurity region 10 is formed by implant 
ing p+ impurity ions and then activating the implanted 
impurity. 

Finally, the CMOS semiconductor device having 
different thicknesses of gate side wall spacers, as shown 
in FIG. 4F, is obtained by removing photoresist 16, 
after second gate side wall spacers 8b have been formed. 

In the present invention, gate side wall spacers 8a and 
8b of PMOS and NMOS have different thicknesses. As 
explained above, such structures take into consideration 
the different diffusion rates of n'*' impurity and p+ im 
purity. The present invention allows further reduction 
of NMOS and PMOS transistors without distorting 
PMOS transistor structures. It is noted, in constructing 
the side wall spacers of the instant invention, their 
thickness must be correlated with the diffusion rate of B 
and As. Since B spreads faster than As, the side wall 
spacers must be thick enough to compensate for the 
greater spreading of B. 
Although only a few embodiments of this invention 

has been described in detail above, those skilled in the 
art will readily appreciate that many modi?cations are 
possible in the preferred embodiment without materi 
ally departing from the novel teachings and advantages 
of this invention. For example, the present invention not 
only applies to CMOS devices, but also to devices in 
which the thicknesses of “gate side wall spacers” need 
to be varied. Accordingly all such modi?cations are 
intended to be included within the scope of this inven 
tion as de?ned by the following claims. 
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What is claimed is: 
1. A MOS semiconductor device having groups of 

transistors, each group comprising: 
an NMOS transistor on a ?rst silicon wafer section 

including 
a ?rst gate electrode, 
a ?rst group of side wall spacers, each spacer of 

said ?rst group of side wall spacers being adja 
cent to a side wall of said ?rst gate electrode, and 

a ?rst impurity region self-aligned to'each side wall 
spacer of said ?rst group of said side wall spac 
ers; and 

a PMOS transistor on a second silicon wafer section 
including 
a second gate electrode, 
a second group of side wall spacers, each of the 

second group of side wall spacers being adjacent 
to a side wall of said second gate electrode, said 
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8 
second group of side wall spacers having a thick 
ness greater than that of said ?rst group of side 
wall spacers, and 

a second impurity region self-aligned to each of 
said second group of side wall spacers. 

2. A MOS semiconductor device as claimed in claim 
1, wherein the difference between the thickness of said 
second group of side wall spacers and said ?rst group of 
side wall spacers is proportional to the difference be 
tween a diffusion rate of an impurity in said ?rst impu 
rity region and a diffusion rate of another impurity in 
said second impurity region. 
‘ 3. A MOS semiconductor device as in claim 1, said 
NMOS transistor further including a third impurity 
region self-aligned to said ?rst gate electrode, said third 
impurity region having an impurity concentration 
lower than that of said ?rst impurity region. 

Q ‘I it t i 


